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Description 

[0001] The present invention relates to a monoclonal antibody which specifically binds to apo-B-48, hybridoma pro- 
ducing the same and method for measuring apo-B-48 using the monoclonal antibody. The monoclonal antibody is 

s useful for diagnosis and therapy of hyperlipidemia and arterial sclerosis. 

[0002] Arterial sclerosis is one of the typical adult diseases and establishment of effective diagnosis and therapy of 
this disease is longed for. The causes of arterial sclerosis include increase in the amounts of various lipoproteins 
contained in the blood circulating the body, which accelerate deposition of cholesterol on the inner walls of blood 
vessels, and decrease in various lipoproteins which prevent such deposition of cholesterol. 

10 [0003] Representative lipoproteins which are known to participate in hyperlipidemia include chylomicron (CM), chy- 
lomicron remnant (CM remnant) which is an intermediate metabolite of CM in the blood, very low density lipoprotein 
(VLDL), very low density lipoprotein remnant (VLDL) remnant) which is an intermediate metabolite of VLDL in the 
blood, low density lipoprotein (LDL) and high density lipoprotein (HDL). 

[0004] CM remnant, VLDL remnant and the like are called remnant-like particles (RLP). The remnant-like particles 
is as well as LDL are lipoproteins which transport cholesterol to the blood vessel walls. Therefore, to decrease the blood 
levels of these lipoproLeins is a direct therapy of arterial sclerosis. On the other hand, since HDL, for example, has a 
function to withdraw cholesterol from the lesion of arterial sclerosis, to increase the blood level of HDL is useful for the 
therapy of arterial sclerosis. 

[0005] Among the above-mentioned lipoproteins, RLP has been reported to participate in expression of arterial scle- 
20 rosis due to postprandial hyperlipidemia, and is now thought as an important risk factor of arterial sclerosis. Known 
apolipoproteins constituting RLP include apo-C, apo-E, apo-A-l, apo-B-100 and apo-B-48. 

[0006] One of the known methods for measuring blood level of RLP is the RLP-C (remnant-like particles cholesterol) 
method. In the RLP-C method, anti-ago-A-l monoclonal antibody and ant i -apo-B-100 monoclonal antibody are immo- 
bilized on a gel, and the gel is reacted with a test sample, followed by removal of the lipoproteins bound to these 
25 antibodies by centrifugation. Thereafter, the amount of the lipoprotein remaining in the supernatant is measured in 
terms Of the amount of cholesterol. 

[0007] Apo-A-l occurs as a major apolipoprotein of CM and HDL, and apo-P-100 occurs as a major apolipoprotein 
of VLDL, VLDL remnant and LDL. 

[0008] Thus, theoretically, CM and HDL are bound to the anti-apo-A-l monoclonal antibody, and VLDL, VLDL remnant 
30 and LDL are bound to anti-apo-B-1 00 monoclonal antibody. Thus, in the RLP-C method, these lipoproteins are removed. 
[0009] The anti-apo-B-1 00 monoclonal antibody specifically recognizes the region of the 2291st to 2318th amino 
acids, so that it does not recognize apo-B-48 which consists of the 1 st to 21 52nd amino acids of apo-B-1 00. Therefore, 
the lipoprotein which contains apo-B-48 as an apolipoprotein but does not contain apo-B-100 as an apolipoprotein is 
measured by the RLP-C method. 
35 [0010] The structure of the epitopes on the apolipoproteins and the homigenity of the epitopes in the plasma lipo- 
protein population still remain unclear. 

[0011] In the RLP-C method, the above-mentioned removal of the various lipoproteins by binding the lipoproteins to 
the gel is indispensable. However, this step is troublesome and has poor reproducibility because the degree of removal 
varies from run to run. Therefore ; the measured values are not very reliable. 

40 [0012] Apo-B-48 is contained as an apolipoprotein in CM and CM remnant. CM is quickly converted to CM remnant 
after eating by lipoprotein lipase and the CM remnant is taken into the liver through remnant receptors existing in the 
liver, so that CM does not exist in the blood when fasted. That is, Chylomicrons are lipoproteins synthesized exclusively 
by the intestine to transport dietary fat and fat-soluble vitamins. Among the apoliporoteins found in chylomicrons, such 
as apo-B-48, apo-A-l, apo-A-TV and Cs, only the synthesis of apo-B-48 is required for the assembly of chylomicrons. 

45 Apo-B-48 is a 2152 amino acid long polypeptide translated and pooled in the adult intestine from the same gene as 
apo-B-100 by the action of a series of enzymes. During circulation in the blood, chylomicrons are exposed to lipolysis 
and apolipoprotein exchange, and are converted into "chylomicron remnants". Therefore, if there is a monoclonal 
antibody which specifically recognizes apo-B-48, CM remnant alone can be directly measured by using the blood when 
fasted as a test sample as a risk marker for postprandial lipidemia and/or arterial sclerosis. This makes it possible to 

50 accurately diagnose hyperlipidemia and, in turn, is useful for diagnosis and therapy of arterial sclerosis. 

[001 3] Apo-B-48 has the same amino acid sequence as a part of the amino acid sequence of apo-B-1 00. The amino 
acid sequences of both apo-B-100 and apo-B-48 are known (Nature, Vol. 323, p. 738, October, 1986). An anti-apo-B- 
48 antiserum is also known (Journal of Biological Chemistry, Vol. 265, No. 15, p. 8358, 1990; Journal of Biological 
Chemistry, Vol. 267, No. 2, p.1176, 1992; and Clinical Science, Vol. 85, p.521, 1993). 

55 [0014] However, a monoclonal antibody which specifically binds to apo-B-48 alone has not been reported. Moreover, 
a reference (RINSHO KENSA, Vol. 40, No. 9 (1996), p.1025, left column, line 8 from the bottom) describes that it is 
theoretically difficult to produce an antibody which specifically reacts with apo-B-48 alone. 

[0015] Accordingly, an object of the present invention is to provide a monoclonal antibody which specifically reacts 
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with apo-B-48 alone. Another object of the present invention is to provide a hybridoma which produces the monoclonal 
antibody according to the present invention. Still another object of the present invention is to provide a method for 
measuring apo-B-48 in a test sample using the monoclonal antibody according to the present invention. Still another 
object of the present invention is to provide a reagent and a kit for immunoassay for measuring apo-B-48 in a test 
5 sample. 

[0016] The present inventors intensively studied to provide a monoclonal antibody which specifically reacts with apo- 
B-48 alone, to succeed in obtaining such a monoclonal antibody by using a conjugate of a very small peptide consisting 
of the C-terminal region of apo-B-48 and a carrier protein as an immunogen. 

[001 7] That is, the present invention provides a monoclonal antibody which specifically binds to apo-B-48 and which 
10 does not specifically bind to apo-B-100. The present invention also provides a hybridoma which produces the mono- 
clonal antibody according to the present invention. The present invention further provides a method for measuring apo- 
B-48 in a test sample, comprising utilizing antigen-antibody reaction between apo-B-48 in the test sample and the 
monoclonal antibody according to the present invention. The present invention still further provides a reagent for im- 
munoassay for measuring apo-B-48 comprising the monoclonal antibody according to the present invention. The 
is present invention still further provides a kit for immunoassay for measuring apo-B-48 comprising the monoclonal an- 
tibody according to the present invention. 

[0018] By the present invention, a monoclonal antibody which specifically binds to apo-B-48 and which does not 
specifically bind to apo-B-100 was first provided. Since the monoclonal antibody according to the present invention 
specifically binds to apo-B-48 but does not specifically bind to apo-B-100, apo-B-48 alone can be measured. Thus, 
20 the monoclonal antibody of the present invention is useful for the diagnosis and therapy of arterial sclerosis. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0019] 

25 

Fig. 1 schematically shows the results of the Western blot showing the reactions between monoclonal antibody 
B48-151 of the present invention and various lipoprotein fractions, which results were obtained in Example 5; 
Fig. 2 schematically shows the results of the Western blot showing the reactions between monoclonal antibody 
B48-151 of the present invention and various lipoprotein fractions, when the reactions were inhibited by peptide 
30 C6, which results were obtained in Example 5; 

Fig. 3 shows the calibration curves obtained in ELISA utilizing immobilized monoclonal antibody B48-1 51 , obtained 
in Example 6; 

Fig. 4 shows the results of the ELISA utilizing, immobilized monoclonal antibody B48-151, which was carried out 
using sera from healthy individuals as samples, obtained in Example 7; 
35 Fig. 5 shows the results of the ELISA utilizing immobilized monoclonal antibody B48-151, which was carried out 

in the presence or absence of various surfactants, which results were obtained in Example 8; and 
Fig. 6 shows the results of the ELISA utilizing immobilized peptide C6, in the presence or absence of various 
surfactants, which results were obtained in Example 9. 



40 [0020] As mentioned above, the monoclonal antibody according to the present invention specifically binds to apo- 
B-48 and does not specifically bind to apo-B-100. The corresponding epitope of the monoclonal antibody according to 
the present invention may preferably reside in the C-terminal region of apo-B-48. The C-terminal region may preferably 
be 1st to 20th, more preferably 1st to 10th amino acids from the C-terminal of apo-B-48. The corresponding epitope 
may preferably include the C-terminal of apo-B-48. As will be described later in detail, the corresponding epitope of 

45 the preferred monoclonal antibody actually produced in the examples is the peptide consisting of only 6 amino acids 
of the C-terminal region of apo-B-48. 

[0021] The monoclonal antibody according to the present invention may be obtained as follows: 

[0022] First, a peptide derived from apo-B-48 is synthesized. The peptide may preferably consists essentially of 5 

to 20 amino acids, more preferably 5 to 10 amino acids from the C-terminal of apo-B-48 (excluding cystein which may 

so be attached to the N-terminal of the peptide). For example, a peptide consisting of the 6 amino acids from the C-terminal 
of apo-B-48, to which cystein is attached at the N-terminal thereof, that is, a peptide consisting of 7 amino acids having 
the sequence of Cys Leu Gin Thr Tyr Met lie (this peptide is hereinafter referred to as "C6") is synthesized. 
[0023] The peptide derived from apo-B-48, such as the above-mentioned C6, is then conjugated with a carrier protein 
such as hemocyanin. The C6 may be bound to the carrier protein through the N-terminal cystein. This may be accom- 

55 plished by the method described in detail in the Examples below. 

[0024] Using the thus obtained conjugate as the immunogen, the monoclonal antibody according to the present 
invention may be prepared by the well-known conventional method. An example of the method is described in detail 
in the Examples below. Briefly, a mammal is immunized with the conjugate and antibody-producing cells, such as 
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lymphocytes and spleen cells are collected from the immunized mammal. The antibody-producing cells are then fused 
with myeloma cells, and hybridomas are selected by selective culture. The monoclonal antibodies produced by the 
obtained hybridomas are then tested for their specificities by Western blot (WB) method or by ELISA using apo-B-48 
or apo-B-1 00 as an antigen, and the hybridomas producing monoclonal antibodies which bind to apo-B-48 and do not 

s bind to apo-B-1 00 are selected, thereby obtaining the monoclonal antibody according to the present invention. As the 
antigen, not only the free apolipoproteins, but also lipoproteins containing the apolipoproteins may be employed. 
[0025] By this method which is described in more detail in the Examples below, a hybridoma named B48-151 pro- 
ducing the monoclonal antibody according to the present invention was obtained. The hybridoma B48-151 has been 
deposited with National Institute of Bioscience and Human-Technology, Agency of Industrial Science and Technology 

10 at 1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki 305-0046 Japan under accession No. FERM BP-6473. 

[0026] The monoclonal antibody produced by the hybridoma B1 8-1 51 is a preferred monoclonal antibody according 
to the present invention, which strongly and specifically reacts with apo-B-48 and do not specifically react with apo-B- 
100 at all. Monoclonal antibodies produced by variants of the hybridoma B48-1 51 are also preferred. The term "variant" 
herein means the hybridomas derived from the hybridoma B48-151 having the same or modified physiological and/or 

is morphological characters as the hybridoma B48-151 and produces a monoclonal antibody which specifically binds to 
apo-B-48 and which does not specifically bind to apo-B-1 00. 

[0027] The monoclonal antibody according to the present invention may be used for measuring apo-B-48 in a test 
sample by immunoassay. Since not only free apo-B-48, but also apo-B-48 contained in lipoproteins can be measured, 
the monoclonal antibody may be used for immunoassays for measuring the lipoproteins containing apo-B-48. 
20 [0028] In the present specification and claims, the term "measure" includes both quantification and detection. 

[0029] The test sample may be a body fluid such as blood, serum or blood plasma, as well as dilutions thereof, 
although the test sample is not restricted thereto. 

[0030] Various methods for immunoassay are well-known in the art and the monoclonal antibody according to the 
present invention may be applied to any of these methods. That is. known immunoassay methods include, when clas- 
ps sified according to the reaction mode, sandwich methods, immunoblotting methods, competition methods, agglutination 
methods and so on. When classified according to the label used, known immunoassays include enzyme immu- 
noassays, radio immunoassays, fluorescence immunoassays, biotin immunoassays and so on. 
[0031] Among these, sandwich ELISA and Western blot are preferred. These methods perse are well-known in the 
art and detailed methods are described in the Examples below. 
30 [0032] Briefly, sandwich ELISA may be carried out, for example, as follows. That is, the monoclonal antibody of the 
present invention is immobilized on a solid carrier such as walls of wells in a microtiter plate or microbeads. After the 
immobilization, the solid carrier is blocked with proteins such as skim milk, casein, gelatin, bovine serum albumin or 
the like to prevent nonspecific binding of the antigen. A test sample is applied to the solid carrier and antigen-antibody 
reaction is allowed to occur. After washing the carrier, an enzyme-labeled second antibody to apo-B-48 is applied and 
35 antigen-antibody reaction is allowed to occur. After washing, the second antibody bound to the carrier is measured 
based on the color reaction after adding a substrate of the enzyme. 

[0033] Western blot method may be carried out, for example, as follows. That is, a test sample is subjected to frac- 
tionation by gel electrophoresis such as SDS-PAGE, and the electrophoretic pattern is transferred onto a membrane 
such as nitrocellulose membrane. After blocking the membrane, the monoclonal antibody of the present invention is 
40 applied to the membrane and antigen-antibody reaction is allowed to occur. After washing, a labeled second antibody 
to the monoclonal antibody is applied and antigen-antibody reaction is allowed to occur. After washing, the second 
antibody bound to the membrane is measured by measuring the label. 

[0034] In the method of the present invention, it is preferred to subject the test sample to a treatment which exposes 
the epitope of apo-B-48, which epitope is recognized by the monoclonal antibody according to the present invention. 
45 That is, in cases where the monoclonal antibody according to the present invention recognizes the C-terminal region 
of apo-B-48, and where the test sample is a body fluid containing lipoprotein particles or a dilution thereof, the antigen- 
antibody reaction between apo-B-48 and the monoclonal antibody may not occur very well because the C-terminal 
region of apo-B-48 may not be well exposed in lipoprotein particles. Thus, in such a case, it is preferred to expose the 
C-terminal region of apo-B-48. 

50 [0035] Exposing the C-terminal region of apo-B-48 may be accomplished by treating the test sample with a surfactant, 
or by subjecting the test sample to freeze-thaw cycle at least once. 

[0036] As the surfactant useful for exposing the C-terminal region of apo-B-48, nonionic surfactants including poly- 
oxyethylene-p-t-octylphenyl ethers such as Triton X-1 00 (trademark), Triton X-1 1 4 (trademark) and Nonidet P-40 (trade- 
mark); and polyoxy ethylene sorbitane alkyl esters such as Tween 20 (trademark). These surfactants may be employed 
55 individually or in combination. In cases where a Triton series surfactant such as Triton X-1 14 (trademark) which has 
high epitope-exposing ability but not dissolved well at room temperature is employed, it is preferred to use a mixture 
of the Triton series surfactant and a Tween series surfactant such as Tween 20 (trademark) which is well dissolved at 
room temperature and which does not substantially inhibit the antigen-antibody reactions. 
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[0037] Although use of SDS to expose an epitope of apo-B-48 has been reported (Makoto KINOSHITAetal., Abstract 
of the 30th Meeting of Japan Arterial Sclerosis Association held on June 11 and 12 ; 1998 ; p.1 33), SDS is not preferred 
in the present invention because the antigen-antibody reaction may be inhibited. 

[0038] Since surfactants tend to inhibit immunological reactions, the concentration of the surfactant may preferably 
s be selected such that the surfactant does not substantially inhibit the immunological reactions. The preferred concen- 
tration of the surfactants may preferably be 0.01 to 2% by weight, more preferably 0.02 to 0.5% by weight. The treatment 
may preferably be carried out at 4 to 40°C for 5 minutes to 48 hours in a buffer used for the antibody-antigen reaction. 
The surfactant may exist in the reaction mixture of the antigen-antibody reaction. Thus, the treatment may be carried 
out simultaneously with the antigen-antibody reaction, or before the antigen-antibody reaction. 
10 [0039] The epitope of apo-B-48 may also be exposed with destroying the structure of the lipoproteins by repeating 
freezing and thawing cycle of the test sample. The freeze-thaw cycle may be carried out at least once. 
[0040] The present invention also provides a key reagent for immunoassay for measuring apo-B-48. The reagent 
may be in the form of a solid carrier on which the monoclonal antibody of the present invention is immobilized. The 
monoclonal antibody may be immobilized on gelatin particles or latex particles by a conventional method to prepare a 
is reagent for immunoassay by agglutination method. Similarly, the monoclonal antibody may be immobilized on a solid 
carrier such as walls of wells of microtiter plate, polymers such as polystyrene, glass beads, magnetic particles, filter 
paper for immunochromatography, glass filter or the like by a conventional method to prepare reagent for enzyme 
immunoassay (EIA), ELISA, radio immunoassay (RIA) or the like. 

[0041] Further, the present invention also provide a kit for immunoassay for measuring apo-B-48. The kit may com- 
20 prise, in addition to the above-mentioned reagent including the monoclonal antibody of the present invention bound to 
a solid carrier, at least one or more of a second labeled antibody, reagents for measuring the label of the second 
antibody, blocking agent, buffer and the like. 

[0042] The present invention will now be described by way of examples thereof. The Examples are presented for 
the illustration purpose only and should not be interpreted in any restrictive way. 

25 

Example 1 Synthesis of Peptide Originated from Apo-B-48 

[0043] A peptide consisting of the 4 amino acids from the C-terminal of apo-B-48, to which cystein was attached at 
the N-terminal thereof, that is, a peptide consisting of 5 amino acids having the sequence of Cys Thr Tyr Met lie (this 
30 peptide is hereinafter referred to as "C4") was synthesized by a commercially available peptide synthesizer. 

[0044] Similarly, a peptide consisting of the 5 amino acids from the C-terminal of apo-B-48, to which cystein was 
attached at the N-terminal thereof, that is, a peptide consisting of 6 amino acids having the sequence of Cys Gin Thr 
Tyr Met lie (this peptide is hereinafter referred to as "C5") was synthesized. 

[0045] Similarly, a peptide consisting of the 6 amino acids from the C-terminal of apo-B-48, to which cystein was 
35 attached at the N-terminal thereof, that is, a peptide consisting of 7 amino acids having the sequence of Cys Leu Gin 
Thr Tyr Met lie (this peptide is referred to as "C6" as mentioned above) was synthesized. 

[0046] The synthesis of the peptides was carried out using an automatic peptide synthesizer PSSM-8 commercially. 

available from Shimazu Corporation, Kyoto, Japan, for simultaneous synthesis of a plurality of species by solid method. 

All of the amino acids were L-amino acids. The a-amino group was protected by 9-fluorenylmethoxycarbonyl group 
40 (Fmoc group), the (3-sulfhydryl group of cystein and y-carboxamide group of glutamine were protected by trityl group, 

and p-hydroxyl group of threonine and phenolic hydroxyl group of tyrosine were protected by t-butyl group. 

[0047] As the solid carrier for initiating the peptide synthesis, 30 mg of HMP isoleucine resin (commercially available 

from Perkin Elmer) to which isoleucine (the C-terminal of the peptides) had been preliminarily attached in an amount 

of 0.65 mmol/g was used. For the condensation, 2-(1 H-benzotriazole-1 -yl)-1 ,1 ,3,3-tetramethyluroniumhexafluoro- 
45 phosphate, 1-hydroxybenzotriazole and N,N-diisopropylethylamine were used. For the removal of Fmoc group, 30% 

piperidine/DMF (dimethylformamide) solvent was used. As the solvent for reaction, DMF was used. The three peptides 

were simultaneously synthesized in accordance with the standard protocol described in the insLructions attached to 

PSSM-8. 

[0048] After the synthesis, the carriers to which the peptides containing the protective groups were attached were 
so washed with methylene chloride and dried. The yields of C4, C5 and C6 were 41 .0 mg, 48.4 mg and 52.6 mg, respec- 
tively. 

[0049] Each of the carriers to which the peptide was bound was treated with trifluoroacetic acid solution (1 ml of 
trifluoroacetic acid, 50 p1 of water, 75 mg of phenol, 50 uJ of thioanisole and 50 jllI of ethanediol) for 2 hours at room 
temperature to obtain free peptide chain. The peptide was precipitated with diethyl ether, and the precipitate was 
55 recovered by filtration. The precipitate was dissolved in water and freeze-dried. The yields of the thus obtained crude 
peptides C4, C5 and C6 were 12.23 mg, 16.17 mg and 17.04 mg, respectively. 

[0050] The thus obtained crude peptides were purified by reverse phase high performance liquid chromatography. 
The column was Cosmosil 5C18-AR-300 (20 mm I.D. x 150 mm L, commercially available from Nacalai Tesque) and 
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elution was carried out with 1 8-28% linear gradient of aqueous acetonitrile solution containing 0.1%trifluoroacetic acid. 
The yields of the purified peptides C4, C5 and C6 after freeze-dry were 7.12 mg, 11.75 mg and 10.71 mg, respectively. 
Aliquots of these peptides were sampled and their sequences were confirmed by a protein sequencer (Procise 494 
commercially available from Perkin Elmer). 

5 

Example 2 Synthesis of Peptide-KLH Conjugates 

[0051] I n -400 jlxI of 0.1 M phosphate buffer (pH 7.5), 5 mg of keyhole limpet hemocyanin (KLH) (commercially available 
from Calbiochem) was dissolved, and 1 mg of GMBS (N-y-maleimidobutyryloxysuccinimide ester, commercially avail- 
10 able from Dojindo Laboratories) was added to the solution, followed by stirring the resulting mixture at room temperature 
for 1 hour. The reaction mixture was applied to PD-10 column (commercially available from Pharmacia) equilibrated 
with 0.1 M phosphate buffer (pH 7.0) containing 1 mM of EDTA and eluted with the same buffer. The initial 2.5 ml was 
discarded and the subsequent 2.0 ml was collected. 

[0052] To the resultant, about 1 mg of C4 synthesized in Example 1 in 1 ml of water was added and the mixture was 
15 stirred at room temperature for 2 hours. The reaction mixture was transferred to a dialysis tube and dialyzed against 
phosphate buffer (PBS) overnight. The same procedure was followed for C5 and C6 to obtain about 5 ml of solution 
of KLH-peptide conjugate for each peptide. The measured amounts of proteins for C4-KLH, C5-KLH and C6-KLH were 
768 jug/ml, 861 u.g/ml and 1140 ng/ml, respectively. 

20 Example 3 Preparation of Lipoproteins from Human Serum 

[0053] On 4 ml of pooled human serum collected 2 hours after eating, 4 ml of a solution prepared by dissolving 1 .21 
g of tris-hydroxymethyl aminomethane, 9.0 g of sodium chloride and 0.372 g of disodium EDTA in 1 liter of distilled 
water and then adjusting the pH to 7.4 (this solution is hereinafter referred to as "d=1 .006 solution") was overlaid and 
25 the resultant was centrifuged at 26,000 x g for 1 hour by Beckman ultracentrifuge. The upper layer was pooled as CM 
fraction. On the lower layer, the d=1 .006 solution was overlaid and centrifuged at 11 4,000 x g for 20 hours. The upper 
layer was pooled as VLDL fraction. The density of the lower layer was adjusted to 1 .063 with sodium bromide solution 
and the resultant was centrifuged at 11 4,000 x g for 20 hours. The supernatant was pooled as LDL fraction. The pooled 
fractions were concentrated and used as the antigens for the antigen-antibody reactions. 

30 

Example 4 Establishment of Hybridomas Producing Anti-Apo-B-48 Monoclonal Antibody and Preparation of Anti-Apo- 
B-48 Monoclonal Antibody 

[0054] Hybridomas producing anti-apo-B-48 monoclonal antibodies were established by immunizing BALB/C mice 
35 with C4-KLH, C5-KLH or C6-KLH and fusing spleen lymphocytes recovered from the immunized mice and myeloma 
cells. 

[0055] More particularly, C4-KLH, C5-KLH or C6-KLH were emulsified with Freund's complete adjuvant and the mice 
were immunized with the emulsions at a dose of 25 to 100 u.g of the conjugate per mouse. Two to three weeks later, 
each of the conjugates was emulsified with Freund's incomplete adjuvant and the mice was additionally immunized 

40 with the emulsions at a dose of 25 to 100 pg of the conjugate per mouse. Sera from the mice were sampled and 
checked for the existence of anti-apo-B-48 antibody by Western blot (WB) method. The WB method was carried out 
in the same manner as the WB method described below, which was carried out for the screening of the desired mon- 
oclonal antibody. The mouse immunized with C6-KLH exhibited the strongest band in the WB method. To this mouse, 
25 to 100 jLxg of free C6-KLH was administered intravenously. Three or four days after, spleen was removed from the 

45 mouse and spleen cells were prepared therefrom. 

[0056] Mouse myeloma cells (P3U1) preliminarily cultured on RPMI-1640 medium and the obtained spleen cells 
were mixed at a ratio of 1 :2 to 1 :5, and cell fusion was carried out using PEG (purchased from Boehringer). The fused 
cells were suspended in HAT medium and then transferred to wells of a 96-well culture plate, followed by culturing the 
cells in a C0 2 incubator at 37°C. 

50 [0057] The culture supernatants of the cells were screened by WB method. That is, the VLDL fraction prepared in 
Example 3 was subjected to 3-15% gradient SDS polyacrylamide gel electrophoresis (SDS-PAGE) and the electro- 
phoretic pattern was transferred to a nitrocellulose membrane to prepare a blotting membrane. The blotting membrane 
was blocked with skim milk and then slit into the form of tapes. Each of the membranes in the form of a tape was 
inserted into each of the grooves of Accutran Incubation Tray (commercially available from S & S), and a mixture of 

55 pooled culture media from 6 wells of the 96-well culture plate was added to one of the grooves, followed by allowing 
reaction at room temperature for 1 hour under stirring. 

[0058] The blotting membranes were washed three times with PBS containing 0.05% Tween 20 (trademark) (this 
buffer is hereinafter referred to as "washing buffer" ) for 5 minutes/wash under stirring, and peroxidase (POD)-labeled 
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anti-mouse immunoglobulin antibody (purchased from Daco) was added to each groove, followed by allowing reaction 
at room temperature for 1 hour. The membranes were then washed with the washing buffer 4 times in the same manner 
as described above ; and the substrate 4-chloronaphthol was added. Thereafter, existence of the bands corresponding 
to apo-B-48 was checked. 

5 [0059] Using each of the culture media which constituted the mixture of the culture media from 6 wells added to the 
groove that expressed a positive band, WB was performed again as described above and the well producing the desired 
antibody was selected. The cells in the well were cloned by limiting dilution method. The cells producing the anti-apo- 
B-48 antibody were Intraperitoneal^ administered to a mouse in a large amount, and ascites containing the anti-apo- 
B-48 monoclonal antibody was recovered from the mouse. The monoclonal antibody was purified from the ascites by 

10 using protein A-Sepharose (trademark). 

[0060] This anti-apo-B-48 monoclonal antibody was named monoclonal antibody B48-151 , and the hybridoma pro- 
ducing this monoclonal antibody B48-151 was named hybridoma B48-151. 

Example 5 Confirmation of Reaction Specificity of Monoclonal Antibody B48-151 

15 

[0061] The reaction specificity of monoclonal antibody B48-151 was examined by WB method using CM, VLDL and 
LDL fractions. 

[0062] More particularly, each of the above-mentioned fractions prepared in Example 3 as an antigen was subjected 
to 3-15% gradient SDS-PAGE and the obtained electrophoretic pattern was transferred to a nitrocellulose membrane. 
20 The obtained blotting membrane was blocked with skim milk and the resulting membrane was subjected to reaction 
with the antibodies. As the antibodies, the monoclonal antibody B48-151, and as controls, an anti-apo-B-100 mono- 
clonal antibody MAB01 4 (purchased from Chemicon) and an anti-apo-B goat serum (purchased from Chemicon) were 
used. For further confirming the reaction specificity, inhibition test was carried out using free C6. Some of the blotting 
membranes were subjected to CCB staining to locate the positions of the proteins. 
25 [0063] The antibody-antigen reactions were carried out as follows. Each of the antibodies was dissolved in phosphate 
buffer containing 1% bovine serum albumin (1%BSA-PBS)(pH7.4) to a concentration of 1 |ug/ml and the resulting 
solution was allowed to react with each of the antigens blotted on the WB membrane at room temperature for 1 hour 
under stirring. After washing the membrane three times for five minutes per wash with the washing buffer, POD-labeled 
anti-mouse immunoglobulin antibody (purchased from Daco) was added to the membrane and the resultant was al- 
so lowed to react at room temperature for 1 hour. After washing the membrane four times in the same manner as described 
above . a solution of the substrate 4-chloronaphthol was added, and the bands were observed. The results are shown 
in Fig. 1 . 

[0064] The inhibition test was carried out in the same manner as described above except that C6 was present at a 
concentration of 5 |ag/ml in the reaction between the WB membrane and each of the antibodies. The results are shown 
35 in Fig. 2. 

[0065] As shown in Fig. 1 , use of the monoclonal antibody B48-1 51 exhibited a band only at the position correspond- 
ing to apo-B-48 having a molecular weight of a little more than 200,000, and a band corresponding to apo-B-1 00 having 
a molecular weight of about 550,000 was not observed. 

[0066] As shown in Fig. 2, the band corresponding to apo-B-48 exhibited when the monoclonal antibody B48-151 
40 was used disappeared under the coexistence of C6. 

[0067] These results clearly indicate that the monoclonal antibody B48-151 specifically recognizes apo-B-48 but 
does not specifically recognize apo-B-1 00. 

[0068] The band corresponding to apo-B-48 exhibited when VLDL fraction was used was the thickest is presumably 
because CM remnant is contained in the VLDL fraction. That is, since the fractions showing differences in particle size 
45 and weight were separated, the VLDL fractions may have been contaminated with chylomicron remnants to show 
immunoreactivity against apo-B-48. 

Example 6 Measurement of Apo-B-48 by ELISA Using Immobilized Monoclonal Antibody B48-151 

50 [0069] Sandwich ELISA was performed using the apo-B-48 as an antigen extracted from the SDS-PAGE gel. 

[0070] More particularly, by the same method as described in Example 2, SDS-PAGE was performed. The portion 
of the gel containing the apo-B-48 band exhibited by using the VLDL fraction was cut out and the antigen was eluted 
from the gel by Electroeluter (commercially available from Bio Pad). On the other hand, to each of the wells of an ELISA 
plate (Maxisorb commercially available from Nunc), 75 uJ of the monoclonal antibody B48-151 in PBS (pH7.4) at a 

55 concentration of 10 uxj/ml was added and the plate was left to stand at 4°C overnight, thereby adsorbing the antibody 
to the wells. To each well, 150 u.l of 1% BSA-PBS (pH7.4) was placed and the plate was incubated at 37°C for 5 hours, 
thereby carrying out masking. After washing the plate three times with the washing buffer, serially two-fold (2 n ) diluted 
purified apo-B-48 in 1% BSA-PBS from the concentration of 5 |ug/ml was placed in each well in an amount of 75 pi/ 
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well and the resultant was allowed to react at 37°C for 1 hour. 

[0071] After washing the plate three times with the washing buffer, POD-labeled anti-human apo-B antibody (pur- 
chased from Chemicon) was placed in an amount of 75 pl/well, and the resultant was allowed to react at 37°C for 1 hour. 
[0072] The plate was then well washed with the washing buffer and the substrate ABTS was added to the wells in 
s an amount of 75 uJ/well and the resultant was left to stand at room temperature for 1 5 minutes, followed by measurement 
of absorbance at 405 nm. 

[0073] To confirm reaction specificity, as a control, apo-B-1 00 (purchased from Chemicon) was serially diluted in the 
same manner as described above but from the concentration of 40 |ag/ml, and used as antigens in the ELISA as 
described above. 

10 [0074] The results are shown in Fig. 3. As shown in Fig. 3, apo-B-48 can be measured by ELISA using immobilized 
monoclonal antibody B48-151 and apo-B-1 00 was not measured by this ELISA. 

Example 7 Measurement of Apo-B-48 in Sera by ELISA Using Immobilized Monoclonal Antibody B48-151 

is [0075] Apo-B-48 was measured in the same manner as in Example 6 except that the samples were sera 20-fold 
diluted with 1% BSA-PBS (pH7.4). The sample sera were pooled frozen sera from 8 healthy individuals (Sample Nos. 
1 - 8), collected when fasted or 1 hour after eating. The results are shown in Fig. 4. 

[0076] As shown in Fig. 4, in all samples, the measured apo-B-48 values were higher at 1 hour after eating than 
those during fasting. This is in agreement with the behavior of CM. 

20 

Example 8 Treatment of Sera with Surfactants 

[0077] The reaction in the ELISA using the immobilized monoclonal antibody B48-151 in case of adding various 
surfactants to the reaction mixture when the immobilized antibody and the sera were reacted was studied. The sur- 

25 factants used were anionic surfactants which were SDS (purchased from Nacalai Tesque) and sodium deoxycholate 
(purchased from Wako Pure Chemicals), and nonionic surfactants which were Triton X-100 (purchased from Nacalai 
Tesque), Triton X-114 (purchased from Nacalai Tesque), Tween-20 (purchased from Nacalai Tesque), Tween-80 (pur- 
chased from Nacalai Tesque), NP-40 (purchased from Sigma), MEGA-8 (purchased from Dojindo Laboratories) and 
Brij-35 (purchased from Sigma). 

30 [0078] Monoclonal antibody B48-151 dissolved in PBS (pH7.4) at a concentration of 10 uxj/ml was placed in wells 
of an ELISA plate (Maxisorb, commercially available from Nunc) in an amount of 75 uJ/well ; and the plate was left to 
stand at 4°C overnight; thereby adsorbing the antibody to the wells. Then 1% BSA-PBS (pH7.4) was added to the 
wells in an amount of 1 50 jal/well and the plate was incubated at 37°C for 5 hours, thereby carrying out masking. After 
washing the plate three times with the washing buffer, sera 20-fold diluted with PBS (pH7.4) containing one of the 

35 surfactants at a concentration of 2%, 0.4%, 0.08% or 0.016% by weight were placed to the wells in an amount of 75 
lil/well, and reaction was allowed to occur at 37°C for 1 hour. After washing the plate three times with the washing 
buffer, anti-human apo-B-1 00 monoclonal antibody (B1 00-228) labeled with alkaline phosphatase prepared by the 
method of Yoshitake et al. dissolved in PBS (pH7.4) was added to the wells in an amount of 75 uJ/well, and reaction 
was allowed to occur at 37°C for 1 hour. The plate was then sufficiently washed with the washing buffer and the 

40 substrate 4-nitrophenol phosphate was added to the wells in an amount of 75 uJ/well. After incubating the plate at 37°C 
for 30 minutes, absorbance at 405 nm was measured. As the samples, fresh sera from healthy individuals collected 
at 1 hour after eating and fresh sera from healthy individuals collected when fasted were used. The results are shown 
in Fig. 5. In Fig. 5, "Tx-100" indicates Triton X-100, "Tx-114" indicates Triton X-114, "Tw-20" indicates Tween 20, "Tw- 
80" indicates Tween 80, "Deoxy-ch." indicates sodium deoxycholate, and PBS indicates PBS containing no surfactants. 

45 [0079] As shown in Fig. 5, in cases where the serum was diluted with PBS (pH7.4) which did not contain any sur- 
factant, coloring was not observed at all. so that it was judged that the C-terminal epitope of apo-B-48 was not exposed. 
In cases where the PBS (pH 7.4) containing a surfactant was used, strong coloring was observed when a nonionic 
surfactant such as Triton X-100, Tween 20 or NP-40 at a concentration of about 0.1% was used. Thus, it was judged 
that the C-terminal epitope of apo-B-48 was exposed by the treaLments with these surfactants. On the other hand, in 

50 cases where MEGA-8 ; Brij-35 or SDS was used, the coloring was week or almost no coloring was observed. Taking 
the results of Example 9 described below into consideration, it was judged that MEGA-8 has poor ability to expose the 
C-terminal epitope of apo-B-48; that SDS, especially at a concentration of not less than 0.1% inhibits the immunological 
reaction; and that Brij-35 has a poor ability to expose the C-terminal epitope of apo-B-48 and inhibits the immunological 
reaction. 

55 

Example 9 Influence by Surfactants on Immunological Reaction 

[0080] The reaction between immobilized peptide C6 and the monoclonal antibody B48-151 when the same sur- 
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factants as in Example 8 were added to the reaction mixture was studied. Peptide C6 dissolved in PBS (pH7.4) at a 
concentration of 1 pg/ml was placed in wells of an ELISA plate (Maxisorb, commercially available from Nunc) in an 
amount of 75 uJ/well, and the plate was left to stand at 4°C overnight, thereby adsorbing the peptide C6 to the wells. 
Then 1% BSA-PBS (pH7.4) was added to the wells in an amount of 150 uJ/well and the plate was incubated at 37°C 
for 5 hours, thereby carrying out masking. After washing the plate three times with the washing buffer, monoclonal 
antibody B48-1 51 dissolved in PBS (pH7.4) to a concentration of 2.5 p.g/ml, which PBS contained one of the surfactants 
at a concentration of 2%, 0.4%, 0.08% or 0.016% by weight were placed to the wells in an amount of 75 uJ/well, and 
reaction was allowed to occur at 37°C for 1 hour. After washing the plate three times with the washing buffer, POD- 
labeled mouse immunoglobulin antibody (purchased form Daco) was added to the wells in an amount of 75 jul/well, 
and reaction was allowed to occur at 37°C for 1 hour. The plate was then sufficiently washed with the washing buffer 
and the substrate ABTS was added to the wells in an amount of 75 uJ/well. After incubating the plate at 37° C for 15 
minutes ; absorbance at 405 nm was measured. The results are shown in Fig. 6. 

[0081] As shown in Fig. 6, influence by a nonionic surfactant such as Triton X-100, Tween 20 or NP-40 on the 
immunological reaction was not observed at all. On the other hand, influence by Brij-35 or SDS on the immunological 
reaction was observed. Especially, SDS completely inhibited the immunological reaction at a concentration of not less 
than 0.1% by weight. 
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Annex to the description 
[0082] 

SEQUENCE LISTING 

SEQ ID NO: 1 
SEQUENCE LENGTH: 5 
SEQUENCE TYPE: amino acid 
TOPOLOGY: linear 
SEQUENCE DESCRIPTION 
Cys Thr Tyr Met lie 



25 



30 



SEQ ID NO: 2 
SEQUENCE LENGTH: 6 
SEQUENCE TYPE: amino acid 
TOPOLOGY: linear 
SEQUENCE DESCRIPTION 
35 Cys Gin Thr Tyr Met lie 

1 5 

40 

SEQ ID NO: 3 
SEQUENCE LENGTH: 7 
45 SEQUENCE TYPE: amino acid 

TOPOLOGY: linear 
SEQUENCE DESCRIPTION 

50 

Cys Leu Gin Thr Tyr Met lie 

1 5 

55 
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SEQUENCE LISTING 

5 

(I) GENERAL INFORMATION: 

10 (i) APPLICANT: 

(A) NAME: Fujirebio Inc. 

(B) STREET: 62-5, Nihonbashi-Hamacho 2-chome, Chuo-ku 

(C) CITY: Tokyo 
(E) COUNTRY: Japan 

<F) POSTAL CODE (ZIP): 103-0007 

20 <ii) TITLE OF INVENTION: Anti-Apo-B-48 monoclonal antibody, hybridoma, 

and methods of use* 

2 5 (iii) NUMBER OF SEQUENCES: 3 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

30 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE : Patentln Release #1*0, Version #1*25 (EPO) 

35 

(V) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: EP 98308453.4 
4Q (vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: JP 299439/97 

(B) FILING DATE: 15-OCT-1997 

45 

(2) INFORMATION FOR SEQ ID NO: 1: 

50 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: It 

Cys Thr Tyr Met He 
1 5 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Cys Gin Thr Tyr Met He 
1 5 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY s linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Cys Leu Gin Thr Tyr Met He 
1 5 

Claims 

1. A monoclonal antibody which specifically binds to apo-B-48 and which does not specifically bind to apo-B-100. 

2. The monoclonal antibody according to claim 1 , of which corresponding epitope resides in C-terminal region of apo- 
B-48. 
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3. The monoclonal antibody according to claim 2, wherein said C-terminal region is 1 st to 20th amino acids from the 
C-terminal of apo-B-48. 

4. The monoclonal antibody according to claim 3, wherein said corresponding epitope contains the C-terminal of apo- 
B-48. 

5. The monoclonal antibody according to claim 1 , which is produced by hybridoma B48-1 51 deposited with National 
Institute of Bioscience and Human-Technology, Agency of Industrial Science and Technology under accession No. 
FERM BP-6473 or variants thereof. 

6. The monoclonal antibody according to claim 5 ; which is produced by said hybridoma B48-151 . 

7. A hybridoma which produces said monoclonal antibody according to claim 1 . 

8. The hybridoma according to claim 7, which is produced by immunizing a mammal with a peptide derived from apo- 
B-48, recovering antibody-producing cells from said mammal, fusing the antibody-producing cells with myeloma 
cells, and selecting a hybridoma which produces said monoclonal antibody according to claim 1 . 

9. The hybridoma according to claim 8, wherein said peptide comprises C-terminal region of apo-B-48. 

10. The hybridoma according to claim 9, wherein said peptide consists essentially of not less than 5 to not more than 
20 amino acids from the C-terminal of apo-B-48. 

11. The hybridoma according to claim 10, wherein said peptide is a conjugate of a peptide consisting essentially of 
lst-6th amino acids from the C-terminal of apo-B-48 and a carrier protein. 

12. The hybridoma according to claim 8, wherein said peptide is conjugated with said carrier protein through cystein 
residue attached to the N-terminal of said peptide. 

13. The hybridoma according to claim 7, which is hybridoma B48-151 deposited with National Institute of Bioscience 
and Human-Technology, Agency of Industrial Science and Technology under accession No. of FERM BP-6473 or 
variants thereof. 

14. The hybridoma according to claim 13, which is hybridoma B48-151. 

15. A method for measuring apo-B-48 in a test sample, comprising utilizing antigen-antibody reaction between apo- 
B-48 in said test sample and said monoclonal antibody according to any one of claims 1-6. 

16. The method according to claim 15, wherein said monoclonal antibody is immobilized on a solid carrier, and apo- 
B-48 immobilized on said carrier through said monoclonal antibody is measured after said antigen-antibody reac- 
tion. 

17. The method according to claim 16, which is carried out by ELISA. 

18. The method according to claim 15, wherein the apo-B-48 in said test sample is subjected to a treatment by which 
the corresponding epitope of said monoclonal antibody is exposed before or simultaneously with said antigen- 
antibody reaction. 

19. The method according to claim 18, wherein said treatment comprises treating said sample with a surfactant. 

20. The method according to claim 1 9, wherein said surfactant is a nonionic surfactant. 

21. A reagent for immunoassay for measuring apo-B-48 comprising said monoclonal antibody according to any one 
of claims 1 -6. 

22. The reagent according to claim 21, wherein said monoclonal antibody is immobilized on a solid carrier. 

23. A kit for immunoassay for measuring apo-B-48 comprising said monoclonal antibody according to any one of claims 
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1-6. 

24. The kit according to claim 23, wherein said monoclonal antibody is immobilized on a solid carrier. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. A 
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Fig- 6 
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